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The Ii;rdra electron beam generator was designed to 
simu.ltaneously pro&ce two 1 MV, 0.5 MA, 80 nanosecocd 
electron beams that could -oe combined to form a single 
beam. The machine, undergoing final developmental 
tests, has generated a 0.5 MA, 1 MV peek electron beam 
from each line. This accelerator consists of a low- 
inductance Marx generator, two water-dielectric pulse- 
forming (PF) and impedance-transforming transmission 
lines and =o low-inductance, high-current diodes. A 
description of the generator is presented along with 
developmental studies and initial testing data. 

The Fydt-a mac:hine is based on accelerator princi- 
ples described in the literature.1'2y3y* The Marx gen- 
erator is submerged in transformer oil and separated 
from the transmission line water by a lucite interface. 
The Marx charges each coaxial PF transmission line 
which is deionized water insulated to 3 Ml? in 0.9 
microseconds. At peak voltage, a 3 XV SF6 spark gap 
electrically connects the 4 ohm PF line to the imped- 
ance transforming (4 ohm to 2 ohm) transmission line. 
The pulse is transmitted through this line to the 
single radial insulator diode. A 30 kilojoule, 100 
nanosecond duration electron beam is formed by a cold 
cathode in each diode. 

Description 

The top and side view of Hydra are shown in Figs. 
1an*2. The Marx tank is approximately 14 feet wide, 
20 feet long (ixlding the servicing area), and 11 
feet deep. Attached to t:le Marx tank are two water 
insulated cosx transmission lines 4.5 feet in diameter 
end 4.5 feet long. These lines are mounted to form a 
convergence angle between the two lines of 15 degrees. 
The transmission lines then taper down for a distance 
of 8 feet to the flat surface insulator diodes at the 
front sf the machi;le. This angulation of the lines 
allows the two electron beams to be formed with a 
spacing and direction appropriate for combination and 
interaction experiments. 

,ZLe 200 kiloJoule I,!arx generator is composed of 
62 stages of 1.65 pfd, 60 kilovolt capacitors of the 
yJ"py ;,es$fied 'iy t;li: Las >Jsi~us Zcieiitific ialaxatoq- 
for use in the Scyllac program." The spark gaps are a 
slightly modified Tiersion o f the type developed for the 
.:.;rcra facility by Physics International." The total 
system inductance is 10 '&qenries. Fig-.re 3 is a sketch 
of the PF transmission line, the ZFh switch, and the 
tipedance tra1cforr;in.g transmission 1ir.e. 'The outer 
tinmeter of the $-inch long-pulse forming line is 54 
irches and tile inner cylinder (diemeter is 30 inches. 
';hcoe 8limenuior.s with the water dieleci-ric form a ?F 
line ?,<th 4 oi-m outiXt impedance and a nominal elec- 
29.c3.l It?&.3 sf 9C r.anoseco2.k. The SF6 gas tri;:atron 
%i';ch is ;:g:ced in a plastic cylinder, 15 Inches al;:er 
dim.eter, 12 incnes irr.er ~diameter and 15 inches lorg. 
'Whir: hv.zin:; ;:as been tested to 130 Fs.i.!: end has oper- 
dtwi in tke H;cdra machine at press-*res to IX p&z. 
'i‘l;e :7/j owitch can be externally tri,i:,:ered .titt the 
Lri ;,:cr :--.1x !;r?-1 -_ ii'ted tZi-O;,~~~l a cq;i;t.-r c-.lfaite I , ,.,, /, 
res<s-;,,r ):+&en ';p* inner ?nd o,ter cylinders of the 
~rs,srti~sior. line::. 

- -.__-. --____ c 
-siork zipported by the -;.j. .":tcmic E:lc:r:yy :Comtission. 

Between the SF6 switch and the transmission line 
is a lucite barrier which capacitively decouples the 
back of the main SF6 switch from the transmission line. 
Inside the barrier are six smaller self-breakdown SF6 
stitches which fire shortly after the incident wave 
from the PF line arrives. These switches perform a 
dual fknction. Firstly, the capacitive coupling from 
the PF line and the main SF6 switch to the transmission 
line is greatly decreased. Thus, dzing charge of 
the COBX line by the Marx generator, the voltage gen- 
erated across the transmission line and the diode 
anode-cathode gap is greatly reduced. Secondly, these 
switches act as open circuits immediately after the 
main SF6 switch fires and reflect the low voltage por- 
tion of the rising wave front. This action effectively 
decreases the voltage and current rise times, 

Because the transmission line is tapered it acts 
as a short transformer line. In practice, the pulse 
amplitude can be calculated by assuming no transformer 
action. The transformer is tapered from an outer 
diameter of 44 inches to an outer diameter of 32 inches 
at the tube end. 

The diode has a flat disk Plexiglas insulator with 
a $-inch outer diameter and a lo-inch inner diemeter. 
The geometry was chosen for ease of cleaning and main- 
tenance and low inductance. This diode is similar to 
that developed at Naval Research Laboratories.7 The 
cathode, located at the center of the tube insulator 
surface, can be readily changed. The electron besm is 
formed in the anode-cathode gap and extracted through 
a 0.5 milnylar window. The beam can then be drifted 
externally to t:?e machine. 

MAJ3R -RESEARCH AND/OR PROBLEM AREAS 

E3.rx Generator 

The prime requirements for a Marx generator"" are 
reliability and low inductance. Cue to the large num- 
ber of parts irrfolved in this structure each must have 
a high reliability. Energies up to 200 kilotoules must 
be transferred in effective times of 0.3 to 0.4 micro- 
seconds from the Marx into tne -water energy storqe 
lines. The short transfer time is dictated by the 
time-dependent breakdown characteriszics of the water 
.Jielectric and is determined by the Marx inductance and 
associated capacitors. 7Yi-e Hygdra Marx generator :~sas 
capacitors and spark zaps witin proven reliabilitjr in a 
loo inductance configuration. Low inducience %rx 
generators require close spacing between. :he component 
sarts to minimize magnetic volume. :.51ch of the spacir.:; 
in Marx generators arises from mainter.a7ce reqliremeota 
'The maintenance refquirement has been minimized by 
&zoi,;ning the I,:arx GO the components can be removed i;o 
:he semice area row by row. Tne rescltmt :.:erx row 
confi;;-ration is shown i:: Ti;j. 4. EL&I row is s;s- 
Fended from an "I" -seem by meens of rollers and zan i;e 
easily remolred to 1ke provided cer-rice area af",er the 
:!arx tan& door is removed. The current passes throQ;h 
the stack entering either one of the capacitors on tke 
ri&: hand side at the top '31 i:ottox. 5;e current +?.:er. 
passes ti‘so31,$ Q:e raw cy trwiernin; titfrzatclj- 
+.irol.;h n spark (;ap aEd ti-en two series mr~ectie~l 
capacitors -*ntil the opposite end of the rzw is reacheC 
The opposite end of the row is then connected to the 
nWt row hJ m33.m of an .%llmir.:z plate where the c;m- 
rent fliw is repeated ir the re‘:crse Krection; wi;C 
the two ccarest current pa?ns in opposite clirections, 

289 

© 1973 IEEE. Personal use of this material is permitted. However, permission to reprint/republish this material

for advertising or promotional purposes or for creating new collective works for resale or redistribution to servers

or lists, or to reuse any copyrighted component of this work in other works must be obtained from the IEEE.



the inductance is minimized. By this method, all 
connections caq be made from one side of the Marx. 
The breakdown characteristics for the Marx gaps are 
sho%z in Fig. 5. In the Marx unit, the midplane %arx 
switch triggers are electrically connected to ground 
by mea?s sf copper sulfate solution resistors. The 
resistance of these trigge r resistors vary according 
to their location in the generator; the higher the 
voltage at the gap - the higher tb.e resistance. The 
electrical schematic for the Hydra Marx charging the 
?F line is shown in Fig. 6. The Marx unit has been 
tested to an output voltage of 2.7 megavolts. 

Oil-Lucite-Water Interface 

An interface (see Fig. 3) separating the oil in 
the Marx from the water in the fast-pulse lines must 
withstand mechanical shocks as well as resist surface 
breakdown. The main problem is tracking along the 
solid insulator at the water boundary. The interface 
was designed to provide a uniform electric field over 
most of the insulator surface and to protide lower 
fields near tne metallic boundaries. The grading of 
the insulator was performed using a Sandia computer 
code that solves LaPlace Equation with complex bound- 
sries.lO This interface has functioned well at 2.7 
megavolts. 

SF6 Switch 

A single channel 200 nanohenry trigatron switch 
capable of operating to 3.3 megavolts under oil was 
the prot$pe for the switch used on the Hydra 
machine. The Hydra switch is about 20 percent larger 
in all dimensions. The triggering experiments on the 
Hydra switch are in the initial stages. The self- 
firing characteristics, however, exe shown in Fig. 7. 
A mazor problem developed with the SF6 switch when air 
bubbles formed on the water side of the insulator sur- 
face, causing sparks to form. The discharge caused 
the insulator housing to rupture. The bubbles have 
been eliminated by wiping the switch housing in a 
wetting agent before filling the tank with water. The 
switch electrode surfaces sre fabricated from tungsten- 
copper (Mallory lOW3) and have carried up to 0.5 MA for 
pulse lengths exceeding 100 ns. The chemically formed 
gases and dust axe purged from the gap after one to 
five firings and have presented no problem. As a com- 
parison, a switch using brass electrodes in the same 
environment becsme loaded with chemical products after 
a few firings and had moderate damage to the brass 
electrodes at current levels of 300 kiloamperes. 

Pulse Sharpening Switches 

The basic outline of a single switch and its self 
breakdown versJs pressure with 100 ns pulses is shown 
in Fig. 8. The purpose of these switches is to isolate 
i5r.e transformer and diode from the pulse forming sec- 
tion of the aachine i*r,til the main switch fires.l" j% 
spection of the switch electrodes showed that all six 
switches had been firing, and from the rise t&me coc- 
siderations at the diode it appears that they all fire 
simultaneously. The voltage wave shape developed 
across the diode without the switches is shown in 
Fig. 9, and Fig. 10 is the same waveform with t'ne 
switches inserted, The 10 to 90 percent tllbe voltage 
rise time with itnd without these switches is 18 ns and 
25 ns, respectively. 

The clioae is a flat insulator, a design chosen for 
its low inductance properties. The diode inductance is 
36 nanohenries to the cathode mounting plate. The 
total diode inch:ctance varies widely depending upon the 
particular t;l?e of cathode utilized. Ele cross 

sectional view of the diode is shown in Fig. ll. 
Insulator flashover voltage levels have ranged between 
0.5 and 1.0 megavolts for a 100 ns pulse. There are 
indications that the flashover level is related to the 
amount of current in the diode and the initial rate of 
current rise. This in turn suggests that the magnetic 
field of the generated beam influences the flashover 
dielectric strength of the insulator. In general, 
higher current in the diode increased the insulator 
breakdown strength, 

Anode-Cathode Configurations 

The first cathode configuration is shown in Fig. 
12 and produced five electron beams from one diode. 
Calorimeter data showed that all five cathodes conduct 
equally. Witness plates located at the end of a lo- 
inch common conical drift section at a gas pressure 
of 2 Torr have demonstrated the 5 beams can be merged 
to form one beam with a 50 to 80 percent energy loss. 
The properties of single cathodes of various materials 
and configurations were also investigated. The results 
with an empirically determined relationship between 
cathode radius r, spacing d, and impedance z are shown 
in Fig. l3. Closwe velocities of 10 cm/psecond have 
been observed with the V-I traces. The closwe veloc- 
ity is defined as the time between initial voltage 
application and impedance collapse divided into the 
anode -cathode gap. 
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